A relatively novel approach for easy and quick determination of rutin in buckwheat grain is suggested. The rutin content of the grain in seven common buckwheat (Fagopyrum esculentum) and six Tartary buckwheat (Fagopyrum tataricum) varieties was investigated by means of UV photoacoustic spectroscopy and HPLC as reference method. The lowest content was found in 'Botan' and 'Bamby' varieties, while the highest values were obtained in the variety 'Emka'. Rutin content in grain of all Tartary buckwheat varieties was two orders of magnitude higher than in the other varieties. Rutin content in F. esculentum ranges between 9 and 36 mg/100 g dry weight as compared to 921 to 2 132 mg/100 g dry weight in F. tataricum. The UV photoacoustic spectroscopy data show rather good correlations of R 2 =0.977 and R 2 =0.980 with values obtained by HPLC data for all measured samples. Therefore, UV photoacoustic spectroscopy can be a cheap and quick method for determining rutin content in buckwheat grain.
Introduction
Flavonoids that constitute the largest group of phytonutrients are found in almost all fruits and vegetables. Like carotenoids, they are responsible for vivid and various colors in fruits and vegetables. One of them, rutin, occurs in high concentrations in buckwheat (Fagopyrum esculentum).
Most rutin is accumulated in the inflorescence, stalks and upper leaves (Kreft et al. 2006) . It is also found in leaves and petioles of Rheum species and Asparagus, in the fruits and flowers of pagoda tree, fruits and fruit rinds mainly of citrus fruits (like orange, grapes, lemon, lime) as well as in ash tree fruits and in berries such as mulberry and cranberries (Sánchez-Salcedo et al. 2015) . Buckwheat is a major source of natural rutin (Gupta et al. 2011) . Rutin was detected in the whole buckwheat plant including leaves, flowers, stalks and seeds. Nevertheless, plants contain the highest concentration of rutin at the beginning of flowering stage (Choi et al. 1996) . However the amount of rutin at different parts of the plant is greatly dependent on plant species and its geographical origin (Kitabayashi et al. 1995) . Regarding the varieties, the rutin content was much higher for Fagopyrum tataricum than for Fagopyrum esculentum (Fabjan et al. 2003; Park et al. 2004) . Buckwheat is mainly consumed as a seed. In addition to rutin, buckwheat is a rich source of starch and also contains many other valuable compounds such as proteins, antioxidative substances, trace elements and dietary fibre (Park et al. 2000; Bonafaccia et al. 2003) . Whole buckwheat groats contain 55 % starch, 12 % protein, 4 % lipid, 2 % soluble carbohydrates, 7 % total dietary fibre, 2 % ash and 18 % other components (organic acids, phenolic compounds, tannins, etc.) (Eggum et al. 1980; Thacker et al. 1983; Vojtíšková et al. 2012) . Rutin is an important food component beneficial for human health since it affects positively the capillary fragility and permeability (Kamalakkannan and Stanely Mainzen 2006) . It has a protective effect against development of diabetes and mitigates the effects on the consequences of diabetes (Je et al. 2002; Srinivasan et al. 2005) . Moreover, it has antioxidative and anti-platelet formation properties as well (Afanas'eva et al. 2001; Sheu et al. 2004 ). In addition, it has a mitigating effect on cardiovascular diseases (He et al. 1995) , it has also anticancer activity (Giménez-Bastida and Zieliński 2015) and antimutagenic activity (Brindzova et al. 2009 ). Many sensitive analytical methods for determination of rutin have been developed including capillary electrophoresis (Lu et al. 2008; Zhang et al. 2013) , chemiluminescence (Cheng et al. 2013) , Fourier transform infrared spectroscopy (FTIR) and UV-VIS spectrophotometry (Rajan and Muthukrishnana 2013; Xu et al. 2010 ) and high-performance liquid chromatography (HPLC) (Deineka et al. 2004; Šatínský et al. 2013) . However, some of the above mentioned methods, for example the HPLC, are time-consuming, expensive, need complicated pretreatments (e.g. multisolvent extraction) and require trained technicians to conduct the study. Here we suggest detection of rutin by photoacoustic spectroscopy (PAS). This technique offers several advantages above other techniques: it is non-destructive, it requires a minimum of preparation and can be readily applied to samples that are difficult to analyze like optically opaque powders (Yasa et al. 1982; Dóka et al. 2004) . The main objective of the research undertaken in this work was to explore the feasibility of PAS for quantification of rutin content of thirteen whole grain buckwheat meals. The data obtained was compared to those acquired from the same samples by HPLC that served as golden standard.
Experimental
Fagopyrum esculentum varieties were grown in the summer of 2005 at Camigliatello Silano on the high plain of Sila in the Region of Calabria (Southern Italy). Grain samples were obtained from both, an agronomic trial for variety assessment and seed multiplication plots. In addition, six F. tataricum varieties grown on the nearby massif of Pollino in the Region of Basilicata, were included. Grains of the following varieties were analysed: i.) F. esculentum varieties 'Bamby', 'Emka', 'Jana', 'Kora', 'Botan', 'Hruszkowska', 'Lena' from an agronomic trial in Camigliatello Silano; ii.) F. tataricum varieties 'Donan', 'Golden', 'Ishisoba', 'Chumoa', 'Hei Qiao-4' and 'Hei Feng' from an agronomic trial on the massif of Pollino.
HPLC analysis
The quantification of rutin was carried out by Waters HPLC (Waters corp., Milford, Massachusetts, USA) equipped with a plus autosampler, a binary HPLC pump and a dual absorbance detector operating at 350 nm wavelength. Whole meal was prepared from the grain using a Foss Tecator Cyclotec 1093 sample mill. Samples of 1 g each were extracted with 10 mL methanol for 24 h at room temperature and in darkness. The volume of methanol for F. tataricum varieties was doubled (20 mL) because of the expected higher rutin content. At the end of the extraction period the vials were kept for 5 minutes in an Elma Transsonic T420 ultrasonic bath operating at a frequency of 35 kHz. The methanol fraction was recovered by centrifuging for 5 min at 15 000 rpm (Hettich, Tuttlingen, Germany). Before analysis the methanol fraction was filtered by passing through a Millex HN 0.45 syringe-driven filter unit (Millipore corp., Billerica, Massachusetts, USA). The active content was separated on a Symmetry C18 5 μm 4.6×150 column. The analytical process was assisted by Empower 2TM software. The analysing conditions were: 2.5 % acetic acid in water (350 mL), MeOH (50 mL) and acetonitrile (100 mL) as a mobile phase. The flow-rate was 1 mL min -1 and pressure on the column 1 750±10 psi. Twenty μL of seed extract in methanol was used for rutin determination. Two replicated analyses were run for each sample. Reference was made to a solution of rutin hydrate [153-18-4] containing 2.65 mg dissolved in 25 mL of methanol (HPLC quality). Results were expressed in mg of rutin per 100 g of grain dry weight (DW).
UV photoacoustic spectroscopy (UV-PAS)
In the UV-PAS the sample to be investigated is irradiated by a modulated beam. The fraction of the energy absorbed by the sample is converted to heat, while the temperature of sample oscillates periodically at a frequency identical to that of the modulated radiation. Generated thermal waves eventually reach sample's surface and cause a periodic heating and cooling of the contacting layer of the surrounding gas. Finally, the expansions and contractions of the gas give rise to acoustic waves; these are detected as a voltage (termed PA signal) by a microphone. The optical and thermal parameters of sample and the contacting gas all play a decisive role in the generation of PA signal. In order to eliminate the variation of the output power on the emission wavelength of the power on the emission wavelength of the illuminating source it is customary to normalize the PA signal from the sample to that obtained (under identical experimental conditions) from the carbon black powder acting as a strongly absorbing reference sample. Such normalized signal ratio is expressed in arbitrary units (a. u.). Four major parts of the self-made PA spectrometer used in this study are the 1000 W Xe lamp (Oriel Technology), the monochromator (Jobin-Yvon, H-10, spectral resolution of 16 nm), a modulator and a self-made PA cell (Fig. 1) . After passing through the monochromator, the collimated beam of mechanically chopped (17 Hz) radiation was collected by a quartz lens and focussed into the PA cell. Radiation enters the PA cell (Fig. 1) The sampling volume and a miniature (4.2 x 4.75 mm) microphone (Sennheiser KE 4-211-2) are acoustically coupled by means of a 3 mm long capillary. The PA cell is sealed (closed) when the lever of the sample holder is rotated by 180°. In such a case the metal rod presses the sample holder against the O-ring which, due to the eccentricity of the wheel, seals the PA detector. The buckwheat meal was loaded into a semispherical cavity made in the sample holder. The PA signal was processed by a preamplifier (Stanford SR552) and a dual phase lock-in amplifier (Stanford SR530) connected to the computer. With each sample the PA signal was recorded in the range of 250 to 600 nm. Three independent measurements with each sample have been performed.
Results

HPLC measurements
HPLC chromatograms were obtained for samples of F. esculentum and F. tataricum varieties (Fig. 2) . Peaks assigned to rutin appeared in the chromatograms after 2.08 min of running time for the complete extract. As expected the content of rutin in the grain of F. tataricum was over 30-times higher when compared to that of F. esculentum (Table 1 ).
An appreciable variation in the rutin content of the grains was apparent among varieties of F. esculentum, ranging from 9.0 mg for the variety 'Botan' to 36.2 mg for 'Emka' (in 100 g grain DW). Similarly, in F. tataricum varieties it varied between 921 mg ('Chumoa') and 2 132 mg ('Donan').
UV-PA measurements
The same buckwheat grain samples were also measured using UV-PAS. The spectra between 250 nm and 600 nm were recorded using the PA spectrometer described in the Methods part. The obtained data (Figs. 3a,b) were normalized to the power output of Xe lamp. The spectra feature two specific peaks in the investigated range. One of them centered at 275 nm due to the protein content of the samples, while the other (stronger) peak at 378 nm (Fig. 3b) can be attributed to rutin in samples. However, the PA signal increases across the entire wavelength range in proportion to the content of rutin in the sample. The net normalized PA signals at 378 nm plotted versus the rutin content for F. esculentum (Fig. 4a) and F. tataricum (Fig. 4b) varieties obtained by HPLC is presented in Fig. 4 . The correlations of data by the two methods are linear with rather good determination coefficients for samples of both varieties (R 2 =0.977 and R 2 =0.980, respectively). Discussion UV-PAS was tested as a possible new anaytical method for quick and simple measurement of rutin content. The PA spectra obtained for the two varieties are very similar reflecting to relatively small differences in the content of rutin in the samples (up to only 27 mg/100 g). This latter fact explains the small slope of the calibration curve. Since rutin content in F. tataricum is two orders of magnitude higher than that in F. esculentum, the measured spectra have a more pronounced absorption at the given analytical wavelength. For F. esculentum varieties the PA signal can be increased by using a more powerful laser at the analytical wavelength. Our parallel HPLC measurements confirmed that rutin content varies from about 10 mg to a few thousands milligrams per 100 g dry weight in the whole grain meal of buckwheat varieties. Calculated LOD value suggests that the method can be used successfully in the analyzed buckwheat varieties that likely can be extended to even another one. The other parts of the plant (root, stem, leaf, flower) have rutin content between 90 and 380 mg/100 g (Choi et al. 1996) and so the obtained LOD is enough to quantify the rutin content in different parts of the plant. 
Conclusions
UV-PAS was explored as a candidate analytical tool for rapid and simple quantification of rutin in buckwheat. In both of the tested varieties the magnitude of measured PA signal appears to be linearly dependent on the rutin content of the samples. Once a calibration curve is constructed using samples of known rutin content, buckwheat samples can routinely be analyzed directly. As no pre-treatment is required, the time for completing the analysis is reduced quite significantly.
